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1INTRODUCTION AND REVIEW OF LITERATURE
Tri.boli.um. confusum  Duval, the confused flo u r b ee tle , has been 
ex tensive ly  used  in la b o ra to r ie s  fo r  exp erim en ta l p u rp o ses . B ecause of 
its  s iz e , ease  of re a rin g  and re la tiv e ly  sh o rt developm ental p e rio d , 
T rib o liu m  has been the sub jec t of a g re a t m any in v estig a tio n s . A con­
s id e rab le  am ount of l i te ra tu r e  has been published  on v a rio u s  a sp e c ts  of 
the n u tritio n  of th is  sp ec ies . B ecause of the v e ry  ex ce llen t rev iew s 
dealing  with the n u tritio n  and biology of T ribo lium  (U varov, 1928; 
H oskins and C ra ig , 1935; C raig  and H oskins, 1940; T ra g e r , 1941; 
F raen k e l, 1943; T ra g e r , 1947; L ipke and F raen k e l, 1956), no a ttem p t 
w ill be m ade to re p e a t th ese  rev iew s. Only those  p a p e rs  dealing w ith 
the v itam in  req u irem en ts  of T ribo lium  a re  included h e re .
As e a r ly  as  1928 Sw eetm an and P a lm e r  a ttem p ted  to a s c e r ta in  the 
v itam in  re q u irem en ts  of T rib o liu m . T h e ir w ork w as c lo se ly  follow ed 
by th a t of S tre e t and P a lm e r  (1935) and Chiu and M cCay (1939). Not 
un til F raen k e l and B lew ett (1943a) began th e ir  s e r ie s  of ex p erim en ts  
on T rib o liu m  w as m uch le a rn e d  of T ribo lium  n u tritio n . T hese two 
w o rk e rs  w ere  the f i r s t  to e s ta b lish  defin ite ly  the fa c t th a t T ribo lium  
re q u ire d  th iam in , riboflav in , n ico tin ic  ac id  and panto thenic ac id  fo r 
n o rm a l la rv a l  developm ent (1943a). F ro b ric h  and Offhaus (1953) and
tr*  .   ] TD1 ^  / I  n  A O * U \ -----------------u . : ____
i v x u g t M  a  ^  ±  ?  ~j : ^  c l  ,  L i f  a p b C i
th a t T ribo lium  a lso  req u ire d  fo lic  acid  and biotin . Choline w as a lso
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2shown to a id  grow th of T rib o liu m  la rv a e  when added to the d ie t of th is  
in se c t (F raen k e l and B lew ett, 1943a).
C arn itin e  (vitam in Bp) has often been  d em o n stra ted  a s  a com pound 
n e c e s s a ry  fo r  n o rm a l pupal developm ent. F rae n k e l and P r in tn y  (1954) 
w ere  the f i r s t  to d em o n stra te  th is  need. F ro b r ic h  (1954) showed th a t 
T rib o liu m  re q u ire d  a "T rib o liu m -Im a g o -F a k to r"  which is  now c o n s id e red  
id en tica l w ith  c a rn itin e  (F ren ch  and F ra e n k e l, 1954). Offhaus (1957-1958) 
has a lso  d em o n stra ted  the need  of T rib o liu m  fo r ca rn itin e . M ore recen tly , 
F ra e n k e l (1958) h as exam ined the  in te rre la tio n sh ip s  betw een zinc, 
p o ta ss iu m  and ca rn itin e  in the n u tritio n  of T eneb rio  m o lito r  L. T his 
study is  of in te re s t  inasm uch  as  it suggests  th a t such a  re la tio n sh ip  m igh t 
ex is t in T ribo lium .
A m a jo r  co n cern  in n u tritio n a l s tu d ies  of T rib o liu m  has been  the 
p re se n c e  of s e v e ra l  unknown fa c to rs  in  y eas t. F raen k e l (1949) f i r s t  
showed the n eed  by th is  in se c t fo r such  fa c to rs . F ren ch  (1954) and 
Offhaus (1952) have a lso  shown ex p e rim en ta lly  th a t T rib o liu m  re q u ire s  
som e as  y e t u n c h a ra c te r iz e d  fa c to r  in y e a s t fo r  n o rm a l developm ent.
M ore re c e n tly  C hiragos (1958) m en tions such fa c to rs  in h is  w ork on the 
p ro te in  re q u ire m e n ts  of T rib o liu m .
Dick (1937) m ade the f i r s t  o b se rv a tio n s  on o v arian  developm ent of 
T rib o liu m  as affected  by d iet. B ro seg h in i (1956) a ttem p ted  to d e te r ­
m ine m o re  sp ec ifica lly  the n u tritio n a l re q u irem e n ts  of T ribo lium  fo r
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3n o rm a l o v a ria n  developm ent. W ith the excep tion  of th e se  two e x p e r i­
m en ts  nothing m o re  h as b een  a ttem p ted  along th is  lin e  w ith T rib o liu m .
O v arian  developm ent of adu lt T rib o liu m  confusum  is strongly- 
influenced  not only by the quantity  of food av a ilab le , but a lso  the quality  
(B rosegh in i, 1956). Such o b se rv a tio n s  have been  m ade on o th e r in se c ts  
(R asso  and F ra e n k e l, 1954) but no study has been  u n d ertak en  to d e te r ­
m ine w hat c e llu la r  o r  cy to ch em ica l changes o ccu r in  gonadal t is s u e s  
du ring  p e r io d s  of n u tritio n a l r e s t r ic t io n s  and d e fic ien c ie s . One study 
on the e ffec t of av itam in o sis  on the  gut of the r ic e  m oth, C o re y ra  
cephalon ica  h as  been  re p o r te d  by Swamy and S reeh iv asay  (1942). I t 
w as found th a t a f te r  60 days on a th iam in  d e fic ien t d ie t the nucle i of the 
gut ep ith e liu m  a re  F eu lgen  n egative . S ince th is  r e p o r t ,  Chang and 
F ra e n k e l (1954) have p re se n te d  o b se rv a tio n s  dealing  w ith the effec t of 
c a rn itin e  d efic ien cy  on the gut ep ith e liu m  of T en eb rio  m o lito r  la rv a e .
No a ttem p t w as m ade by th e se  au th o rs  to in v estig a te  cy tochem ical 
changes.
The p re s e n t  study is  an  outgrow th of e a r l ie r  w ork  and w as m ade to 
d e te rm in e , if p o ss ib le , som e cy to log ica l and cy to ch em ica l changes w hich 
o ccu r in c e r ta in  t is s u e s  of T rib o liu m  during  p e rio d s  of n u tritio n a l 
inadequacy.
The choice of o v a r ie s  a s  t e s t  o rgans fo r  cy to ch em ical changes 
during  n u tr itio n a l d e fic ien c ie s  w as p ro m p ted  by a num ber of fa c to rs :
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4(1) As m entioned  p rev io u sly , the g ro ss  changes of the o v a rie s  of 
T rib o liu m  fed  v a rio u s  d ie ta ry  m ix tu re s  have a lre a d y  been  in v estig a ted  
(B rosegh in i, 1956). R esu lts  ob tained  f ro m  th a t study sug g ested  th a t a 
m o re  d e ta iled  inv estig a tio n  would be p ro fita b le .
(2) T rib o liu m  has b een  in v estig a ted  ex ten s iv e ly  f ro m  the n u tr i ­
tio n a l s tandpoin t and an adequate  d ie t of known ch em ica l com position  is 
av a ilab le . A lthough p rev io u s  s tu d ies  w ere  co n cern ed  p r im a r i ly  w ith  
the la rv a e  and u tilized  grow th ra te  as a c r i te r io n  fo r  n u tritio n a l 
adequacy  of v a rio u s  syn thetic  d ie ts , it w as fe lt,  in th is  sp ec ie s , th a t 
in fo rm atio n  ob ta ined  f ro m  la rv a l  s tu d ies  is , to a  g re a t  ex ten t, app licab le  
to the  ad u lts  b ecau se  both la rv a l  and adu lt s tag es  n o rm a lly  ex is t on the 
sam e d ie t un d er iden tica l env iro n m en ta l conditions. P re lim in a ry  
ex p erim en ts  ind ica ted  th a t th is  a ssu m p tio n  is valid .
(3) The h is to ch em ica l re la tio n sh ip s  of v a rio u s  in se c t o v a rie s  has 
b een  s tud ied  by  a  num ber of a u th o rs . R ecen tly , Bonhag (1958) has 
su m m a riz ed  p re s e n t  know ledge concern ing  in se c t v ite llo g en es is . B e­
cau se  of th e se  s tu d ies  d e ta iled  h is to ch em ica l tech n iq u es adap ted  to 
in se c t t is s u e s  a r e  av a ilab le , and the n e c e s s ity  of t r i a l  and e r r o r  is 
reduced .
A few  o b se rv a tio n s  w ere  a lso  m ade on the m id -g u t b ecau se  of i t s ; 
obvious ro le  in  d igestion  and ab so rp tio n . It w as re a liz e d  th a t any 
d is ru p tio n  of th ese  functions p ro b ab ly  would a d v e rse ly  a ffec t o ther
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5tis s u e s . A sp ec ia l effo rt was m ade, th e re fo re , to d e te rm in e  w hat 
changes in the o v arie s  w ere  due p r im a r i ly  to v itam in  d efic ien c ies  and 
w hat changes w ere  brought about a s  a  r e s u l t  of the inab ility  of the m id ­
gut to p e rfo rm  its  n o rm a l physio log ica l ta sk s .
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6METHODS AND MATERIALS 
G enera l P ro c e d u re s
F em ale  pupae of the confused flo u r  b e e tle , T rib o liu m  confusum  
Duval, w ere  iso la te d  f ro m  stock  c u ltu re s , m a in ta in ed  on a stock d ie t of 
ro lle d  o a ts , f ish  m ea l, and whole b re w e rs  y e a s t, by the m ethod of 
Chapm an (1918), and p laced  in individual v ia ls  (35 x  12 m m .) to 
com plete  th e ir  developm ent. On em erg en ce , the v irg in  fem ales  w ere  
t r a n s f e r r e d  to a co n tro l o r  ex p erim en ta l d ie t and allow ed to feed  fo r  30 
o r 60 days.
The com position  of the con tro l d ie t u sed  in th is  study is l is te d  in 
T ables 1 and 2. In p re p a rin g  th is  d ie t, am ino ac id s , sodium  b ic a rb o ­
na te , c h o le s te ro l, and w heat g e rm  oil w ere  w eighed out in q u an tities  
20 tim e s  those  shown in T able 1, m ixed  in a b a ll m ill fo r  5 h o u rs , and 
then p a s se d  th rough  a s ieve having 50 m esh e s  to the l in e a r  inch. All 
ex p erim en ta l d ie ts  w ere  b ased  on th is  co n cen tra ted  m ix tu re . To f a b r i­
ca te  a d ie t, 26 g ra m s  of the co n cen tra te  w ere  added to 69 g ram s of 
d ex trin . V itam ins w ere  added in aqueous so lu tion  by m eans of an 
a to m iz e r . Depending on the so lub ility  of the  v itam in s , th is  involved the 
addition  of about 8 m l of flu id  to a 100 g ram  sam ple  of d ry  m ix tu re , 
lh e  m o isten ed  d ie t was aesiccaleu . o v e r n i g h t  a t 60°C. , and. then ground 
in a m o r ta r  un til the la r g e s t  p a r t ic le s  w ould re a d ily  p a ss  through  a 20
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7T able 1. C om position  of co n tro l d ie t fo r  study of e ffec ts  of v itam in
d e fic ien c ie s  on o v a rian  t is s u e  of T rib o liu m  confusum  D uvala
P r in c ip a l in g red ien ts % V itam ins
Z ' g m /g m  
of d ie t
Am ino ac id ^  m ix tu re 20. 7 T hiam in 1
(T able 2)
R iboflavin 2
S alts  (No. 2, U .S . P . XIII)C 2.0
j P y rid o x in e 1
W heat g e rm  oil 1. 5
i
N icotin ic  ac id 8
O UCi. UX
C alcium  pan to thenate 4
B re w e rs  y e a s te
Choline 1500
D extrin^
B iotin 0 .0 5
F o lic  ac id 0 .0 2
C arn itin e  ^ 0 .01
a D iet fo rm u la te d  by Lem onde, P . and  B e rn a rd , R. N u tritio n  des 
la rv e s  de T rib o liu m  confusum  Duval. II. Im p o rtan ce  des ac id es  am in es. 
Can. J . Zoo. 29:80-83. 1951b.
^N u tritio n a l B io ch em ica l C o rp o ra tio n .
cG en e ra l B io ch em ica ls , Inc.
^■National B io ch em ica l C o rp .: 2 u n its  V itam in  E  p e r  g ram .
eN ational B io ch em ica l C o rp ."  V itam ins in m ic ro g ra m s , p e r  g ram : 
T hiam in , 150; R ib o flav in , 65; N iacin , 475; P an to th en ic  A cid, 125; 
P y rid o x in e , 30; F o lic  A cid, 22; B io tin , 2. 2; Choline, 3600; Inosito l, 
4500.
■^B and  A, G en e ra l C hem ical Com pany.
§In te rn a tio n a l M in e ra ls  and  C hem ical C o rp o ra tio n .
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8T able 2. Com position, of am ino ac id  m ix tu re  of co n tro l 
d ie ta ’ b
Am ino ac id
G m s /100 gm s 
of d ie t
D L -alpha  a lan ine 0 .49
L -a rg in in e  HC1 0. 59
D L -a s p a r tic  ac id 0 .4 9
L -c y s tin e 0. 24
L -g lu ta m ic  ac id 2 .4 4
glycine 0. 12
L -h is tid in e  HC1 1.05
L -h y d ro x y p ro lin e 0. 12
D L -iso le u c in e 1. 95
L -le u c in e 1.47
L - ly s in e  HC1 1.83
D L -m eth ion ine 0 .9 8
D L -pheny la lan ine 1 .47
L -p ro lin e 0. 24
D L -se r in e 0. 24
D L -th reo n in e 1. 71
L -try p to p h an e 0 .4 9
L - ty ro s in e 0. 73
D L -v a lin e 2. 44
aD ata  tak en  f ro m  L em onde, P . and B a rn a rd , R. 
N u tritio n  des la rv e s  de T rib o liu m  confusum  Duval. II. 
Im p o rtan ce  des a c id e s  am in es . Can. J . Zoo. , 29:80-83. 
1951b.
1. 59% sodium  b ica rb o n a te  added to red u ce  ac id ity  
due to p re se n c e  of HC1.
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9m e sh  sieve. By com pounding a co n cen tra ted  stock  m ix tu re , the sam e 
b a s ic  m edium  could be u sed  fo r a ll t e s t  d ie ts . A lso, p o ten tia l e r r o r s  
in h e ren t in weighing individual m inute am ounts of in g red ien ts  fo r sm all 
volum es of d ie ts  w ere  e lim inated .
Y east w as in c o rp o ra ted  in the con tro l d ie t s ince  the p re se n c e  of 
y e a s t has been  shown to have a b en efic ia l effec t on o v arian  developm ent 
(B roseghin i, 1956). H ow ever, b re w e rs  y e a s t con tains v itam in s w hich 
would p rev en t the evaluation  of the effec t of a B -v itam in  defic iency . But, 
a  com plete ab sen ce  of y e a s t f ro m  the co n tro l d ie t s e r io u s ly  im p a irs  
o v arian  developm ent. T his w as d e te rm in ed  in a  p re lim in a ry  ex p erim en t.
Since y e a s t cannot be om itted  e n tire ly , but a t the sam e tim e  cannot 
be u sed  in ex p erim en ts  involving v itam in  d e fic ie n c ie s , a  su b stitu te  m u st 
be found. The m o st obvious su b stitu te  is  the inso lub le  p o rtio n  of y ea s t. 
F ren ch  (1954) has po in ted  out th a t the add ition  of the  inso lub le  p o rtio n  of 
y e a s t to a d ie t fed to T ribo lium  la rv a e , w hile not a s  good as  whole y e a s t, 
is  s till  a  d e s ira b le  addition. F u r th e r ,  B ro seg h in i (1956) has shown th a t 
the insoluble re s id u e  of b re w e rs  y e a s t alone w ill support n o rm a l o v arian  
developm ent. T h e re fo re , hot w a te r e x tra c te d  y e a s t  w as su b stitu ted  fo r  
whole y e a s t in the co n tro l diet* This w as acco m p lish ed  by boiling fo r  
15 m inutes ap p ro x im ate ly  10 g ram s of whole b re w e rs  y e a s t in 100 m l 
of d is tilled  w a te r and then  cen trifug ing . The su p e rn a tan t w as d isca rd ed . 
Boiling and cen trifug ing  w ere  done a t le a s t  s ix  tim e s  on each  sam p le  of
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y e a s t u sed . A fter ex trac tio n , the y e a s t w as d r ie d  overn igh t a t 60° C. 
and ground to a pow der fine enough to p a ss  th rough  a  s ieve having 50 
m esh es  to the l in e a r  inch.
A ll ex p erim en ta l d ie ts  in which a v itam in  had been om itted  contained 
5 p e r  cen t y e a s t re s id u e  r a th e r  than w hole y e a s t. D iffe ren ces  o b se rv ed  
a s  a r e s u l t  of th is  su b stitu tio n  w ill be d isc u sse d  in a la te r  section .
To check the adequacy of ex trac tio n , the y e a s t re s id u e  was 
a s sa y e d  m icro b io lo g ica lly  fo r  its  v itam in  con ten t acco rd in g  to m ethods 
suggested  in the Difco M anual (1953). R esu lts  of th is  a s sa y  a re  shown in 
Table 3.
S am ples of d ie ts  w ere  held  in shell v ia ls  (50 x  25 m m .), each con­
tain ing  app rox im ate ly  5 g ram s of food. Ten b e e tle s  w ere  p laced  in each  
v ia l. A to ta l of 200 b ee tle s  w as used  in each t r ia l .  One hundred  of th ese  
b e e tle s  w ere  d is se c te d  30 days a f te r  feeding com m enced. At th is  tim e  
the rem ain in g  100 w ere  t r a n s f e r r e d  to a f r e s h  d ie t of iden tica l com position  
a s  o rig in a lly  s ta r te d , and d isse c te d  a f te r  they  had been  feeding fo r  a 
to ta l of 60 days. B ee tles  w ere  kept a t 32° C. w ith  70 p e r  cen t re la tiv e  
hum idity  fo r  the e n tire  feeding  period .
D issec tio n s  w ere  accom plished  by im m obiliz ing  the b e e tle s , v e n tra l 
s ide down, in p a ra ffin -b o tto m ed  w atch g la sse s  and covering  w ith sa line . 
O v aries  w ere  exposed by rem oving  the e ly tra  and te rg a l p la te s . The 
gut, tra c h e o le s  and as  m uch of the fa t bodies as p o ss ib le  w ere  rem oved .
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T able 3. V itam in  con ten t of w a te r ex tra c te d  whole
b re w e rs  y e a s t as d e te rm in e d  by m ic ro b io ­
lo g ica l a s s a y 3-
V itam in
/ 'g m /g m . 
of y e a s t 
re s id u e
T hiam in 0. 6
R iboflavin le s s  than  0. 8
N iacin le s s  than 0. 8
Ca P an to th en a te 0. 38
P y rid o x in e 0. 106
B iotin 0. 2
F o lic  A cid 1. 12
aA m es A ssay  L a b o ra to r ie s , I n c . , Box 422, 
S ta tion  A, A m es, Iowa
The sa lin e  w as p o u red  off and fixa tive  added. As each  gut w as rem oved  
it  w as p laced  in  a d e p re ss io n  in a  spot p la te  containing fixa tive .
P re lim in a ry  w ork ind icated  th a t S e r r a 's  fix a tiv e  w as com patib le  
w ith  a ll h is to lo g ic a l techn iques con tem plated , so th is  so lu tion  w as u sed  
ex c lu siv e ly . C e llu la r  fixa tion  was ex ce llen t and the yolk m a te r ia l  was 
p re s e rv e d  b e t te r  w ith S e r r a 's  than  w ith  any o th er fixa tive  tr ie d . O v aries  
w e re  fixed  in s itu  fo r 45 m in u tes , w ashed in  95 p e r  cen t ethanol, then 
rem o v ed  f ro m  the in sec ts  and p laced  in d e p re ss io n  p la te s  containing
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ab so lu te  a lcohol. A ll fu r th e r  changes of flu ids as w ell as  in filtra tio n  in 
equal p a r ts  of benzene and p a ra ffin  w ere  c a r r ie d  out in th ese  m ic ro -sp o t 
p la te s . A fter in filtra tio n , w hich w as c a r r ie d  out overn igh t, em bedding 
w as acco m p lish ed  in an hour w ith  th re e  changes of p a ra ff in  (m. p. 56°- 
58° C . ) con tain ing  10 p e r  cen t b a y b e rry  wax. Sections w ere  cut a t 5 m ic ra .
H is to ch em ica l T echniques
D eso xyribonucle ic  ac id
The F eu lgen  re a c tio n  w as u sed  to lo c a liz e  DNA. H ydro lysis  took 
p lace  in N HCL a t 60° C. fo r 8-10 m in u tes . F a s t g reen  w as u sed  as  a 
co u n te r s ta in . A 5 p e r  cen t so lu tion  of tr ic h lo ro a c e tic  ac id  hea ted  to 
70° C. w as u sed  to  rem o v e  DNA (G om ori, 1952).
R ibonucleic  ac id
The to lu id ine  b lu e -rib o n u c le a se  m ethod of B rach e t (1953) w as used
\
to v isu a liz e  rib o n u c le ic  acid . A 0. 05 p e r  cen t solution of to lu id ine blue- 
(pH 4) in  5. 0 p e r  cen t ethanol w as found to be sa tis fa c to ry  (Bonhag, 1955). 
R ibonuclease  w as u sed  as  a 0. 1 p e r  cen t solution in g lass  d is tille d  w ate r. 
T is su e s  w ere  s ta in ed  fo r 15 m inu tes in the to luidine blue solution; con tro l 
sec tio n s  w ere  incubated  in rib o n u c lease  fo r  3-5 hou rs  a t 60° C. All
ol? <=> a p-nrl rlplrtrrl'rpfprl n v p rn i  a Tit in t f i r t i  AT*v "hutvl‘■ W  ~  ~  -----------------  '  j  ~  - - - - - -  - -  ■   q     4  j  ■
alcohol. A  so lu tion  of 10 p e r  cen t p e rc h lo r ic  ac id  w as a lso  u sed  to rem ove 
RNA (Ogur and R osen , 1950). S lides tre a te d  w ith p e rc h lo r ic  ac id  w ere
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
p laced  in th is  so lu tion  overn igh t in a r e f r ig e ra to r .  A fter rem o v al f ro m  
the p e rc h lo r ic  ac id  the t is s u e s  w ere  sta ined  and tre a te d  as  usual. Both 
p e rc h lo r ic  ac id  and RNAse effectively  rem oved  a ll cy top lasm ic  b aso ­
p h ilia  and th is  baso p h ilia  w as p re su m e d  to be due to RNA.
P o ly sa cc h a rid e s
P o ly sa cc h a rid e s  w ere  lo ca lized  by use  of the p e rio d ic  ac id -S ch iff 
(PAS) re ac tio n  as  outlined  by L illie  (1954). No coun ter s ta in  w as used. 
G lycogen w as d e tec ted  by the lead  te tra a c e ta te  m ethod of Glegg, C le re -  
m ont and LeB lond (1952). C onfirm ation  w as obtained  by tre a tin g  con tro l 
sec tio n s  w ith  a  0. 5 p e r  cen t m a lt d ia s ta se  so lu tion  fo r 30 m inu tes  a t 
37° C. H yaluron idase w as u sed  in an a ttem p t to d e tec t m ucopoly­
sa c c h a rid e s . Sections w ere  tre a te d  w ith a h y a lu ro n id ase  solution 
(1 m g/1  ml) in  d is tille d  w a te r  fo r  3 and 24 h o u rs  a t room  te m p e ra tu re  
(Bonhag, 1955). The r e v e r s e  ace ty la tio n  technique fo r  ca rb o h y d ra tes  
w as c a r r ie d  out ex ac tly  a s  outlined by M cM anus and Cason (1950). 
P e a r s e 's  m ethod fo r  m e ta c h ro m a s ia  u tiliz in g  aqueous to lu id ine blue w as 
a lso  u sed  (1953).
P ro te in s
P ro te in s  w ere  lo c a liz e d  by m eans of the m e rc u r ic  c h lo rid e - 
b rom phenol blue technique (HgBPB) of M azia, B rew er and A lfe rt (1953). 
A fter sta in ing  in a b rom phenol blue and m e rc u r ic  ch lo ride  so lu tion  in
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95 p e r  cen t alcohol fo r  15 m in u te s , the  sec tio n s  w ere  w ashed  for 20 
m inu tes  in 0. 5 p e r  cen t a c e tic  acid . This w as follow ed by e ith e r  w ashing 
in tap  w a te r  fo r  2 m in u te s , to develop co lo r, then dehydra ting  and 
m ounting, o r w ashing in s e v e ra l  changes of te r t ia r y  butyl alcohol to 
rem o v e ex cess  dye and to dehydra te  the t is su e . The la t te r  m ethod gave 
the b e t te r  re su lts  as it p rev en ted  ex cess iv e  lo ss  of co lo r w h ereas  th is  
w as not alw ays the case  when w a te r w as u sed  as a w ash.
A lkaline phosphatase
A m odification  of the G om ori m ethod (1952) fo r  a lk a lin e  phosphatase  
w as used . T issu es  w ere  fixed  in a so lu tion  con sis tin g  of 95 m l abso lu te  
alcohol and 5 m l of g lac ia l a c e tic  ac id . The su b s tra te  co n s is ted  of 20 m l 
sodium  b a rb ita l, 20 m l sodium  g lycerophosphate , 8 m l ca lc iu m  ch lo rid e , 
2 m l m agnesium  su lfa te  and 50 m l d is ti l le d  w a te r . All so lu tions w ere  2 
p e r  cen t. In the con tro l su b s tra te , w a te r  re p lac ed  the g lycerophosphate . 
Incubation tim e  v a r ie d  f ro m  45 m inu tes  to 5 h o u rs . C obalt n itra te  and 
am m onium  polysulfide w ere  u sed  as  d e sc rib e d  by G om ori (1952) to 
d em o n stra te  s ite s  of ac tiv ity .
A dditional techniques
F o r  g e n e ra l h is to lo g ica l o b se rv a tio n s  a few s lid es  w ere  s ta in ed  w ith
H eidenhain 's  iro n  haem atoxylin . D ifferen tia tio n  w as acco m p lish ed  in a
sa tu ra te d  solu tion  of p ic r ic  ac id  in 70 p e r  cen t alcohol.
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RESULTS AND DISCUSSION
H isto lo g ica lly , the o v a rie s  of T rib o liu m  confusum  a re  quite s im ila r  
to th o se  of T eneb rio  m o lito r , d e sc rib e d  by Sch lo ttm an  and Bonhag (1956). 
Both sp e c ie s  p o s se s s  o v a rie s  of the  te le tro p h ic  type. E ach  ov ary  of 
T rib o liu m  is  com posed of four o v a rio le s . Individual o v a rio le s  n o rm a lly  
con tain  th re e  o r fou r fo llic le s . B ecause  of the sm all s ize  of the o v a rie s  
and the  fa c t th a t they  tend  to c u r l w hen fixed, com plete  sag g ita l sec tions 
w e re  d ifficu lt to obtain. The p re s e n t  conclusions have, th e re fo re , been  
b a se d  upon a com posite p ic tu re  ob tained  by view ing la rg e  n u m b ers  of 
sec tio n s .
R esu lts  a f te r  30 Days on C ontro l D iet
E ach  o v ario le  can be divided into two p o r tio n s -- th e  ap ica l g e rm a riu m  
and the b a sa l v ite lla riu m . Both a re  in v ested  by two sh ea th s, the o u te r 
and in n e r o v a rio le  sheath  (F ig. 10). The in n er sheath  ends a t the b ase  
of the  te rm in a l f ilam en t but the o u te r  sheath  continues ap ica lly  to 
envelop the te rm in a l f ilam en t. A tra n s v e r s e  sep tum  s e p a ra te s  the 
te rm in a l  f ilam en t fro m  the g e rm a riu m  p ro p e r . C ells  of both shea ths 
a r e  s tre tc h e d  ex trem e ly  th in  b ecau se  of p r e s s u re  of the egg fo llic le s . 
N uclei of both sheaths con tain  s p a rs e  ch ro m atin  g ra n u le s , and the cy to­
p la sm  is only sligh tly  b aso p h ilic . M ito tic  f ig u re s  w ere  n ev er o b se rv ed  
in e i th e r  sheath  although th is  does no t p rec lu d e  th e ir  p re se n c e .
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G e rm a riu m
The g e rm a riu m  can  be fu rth e r  subdivided into two p a r ts ,  the ap ica l 
tro p h ic  t is s u e  w hich includes app rox im ate ly  the a n te r io r  th re e -fo u rth s  of 
the g e rm a riu m , and the p re fo llic u la r  t is s u e  which occupies the b a sa l 
o n e -fo u rth  of the g e rm a riu m . In the ap ica l troph ic  tis su e  the p red o m i­
nan t c e ll is the tro p h o cy te  o r n u rse  cell; in te rs t i t ia l  nuclei a re  s c a tte re d  
th roughout. The m o st no ticeab le  c h a ra c te r is t ic  of the n u rse  ce lls  is  the 
p re se n c e  of ex tre m e ly  la rg e  nuclei (Fig. 1). Many of the n u rse  ce lls  
con tain  two and so m e tim es  th re e  nucle i. D ifferences ex isting  betw een 
tro p h o cy te s  in v a rio u s  a re a s  of the g e rm a riu m  of T ribo lium  a re  not 
g re a t  enough to w a r ra n t  d iv ision  of the g e rm ariu m  into v ario u s  zones, 
as  Bonhag and Wick (1953) w ere  able to do w ith O ncopeltus .fasc ia tu s .
Toluidine b lue p re p a ra tio n s  rev ea l ex trem ely  d a rk  basoph ilic  bodies 
in the trophocy te  nucleus (F ig. 1). T hese basoph ilic  bodies a re  ab sen t 
a f te r  tre a tm e n t w ith  e ith e r  RNAse o r p e rc h lo ric  ac id  and hence a re  
a ssu m e d  to c o n s is t  of RNA. B ecause of th is  it is fe lt  tha t th ese  bodies 
a r e  n u c leo li a lthough Schlo ttm an and Bonhag (1956) found no d isce rn ib le  
n u c leo li in the tro p h o cy te  of T enebrio  m o lito r . The trophocy tic  nucleo li, 
as  co m p ared  w ith  n u c leo li found in the oocytes, a re  i r r e g u la r  in outline 
and of v a r ia b le  s iz e . T h e ir  d is tr ib u tio n  is som ew hat re m in isc en t of the 
la rg e  c h ro m a tin  m a s s e s  of the trophocytes d isp layed  in Feulgen p r e p a ra ­
tio n s. T h e re fo re , an a ttem p t was m ade to d e te rm in e  if any h e te ro c h ro -
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m a tin  a s so c ia te d  w ith  n ucleo li could be d em o n stra ted . A m ix tu re  of 
sa fran in  and fa s t  g reen  F C F  w as u sed  acco rd in g  to the d ire c tio n s  given 
by B ryan  (1955). No re la tio n sh ip  betw een h e te ro ch ro m a tin  and nucleo li 
could be shown by th is  technique.
The cy to p lasm  of the n u rse  ce lls  is v e ry  b aso p h ilic , e sp ec ia lly  
n e a r  the n u c lea r  m em b ran e  (Fig. 1). This b aso p h ilia  is com plete ly  
rem oved  upon tre a tm e n t w ith RNAse.
The a n te r io r  p re fo llic u la r  t is s u e  a t the b ase  of the g e rm a riu m  of 
T rib o liu m  does not p re s e n t  the sam e p ic tu re  as th a t o b se rv ed  in T enebrio  
m o lito r  by S chlo ttm an and Bonhag (1956). T hese au th o rs  found only a 
s lig h t b aso p h ilia  in th is  t is su e . In  T rib o liu m  th e re  a r e  no s trik in g  
d iffe ren ces  in the s tain ing  q u a litie s  of th is  t is s u e  as  com p ared  w ith the 
r e s u l ts  seen  in the ap ica l tro p h ic  tis su e . C e llu la r  d isso lu tio n  w as a lso  
com m only found by the above au th o rs  in T en eb rio . Some of th is  d e g e n e r­
a tion  w as due to p a ra s i te s  but w as a lso  o b se rv ed  in n o n -p a ra s itiz e d  
o v a rie s  a t the ap ica l end of the n u tritiv e  co rd s . C ytological exam ination  
of the  g e rm a riu m  of T r ib o liu m , e sp ec ia lly  the p o s te r io r  reg io n s , fa ile d  
to d isc lo se  any signs of ex tensive  degenera tion . In th is  r e s p e c t  T rib o liu m  
c lo se ly  re se m b le s  the condition d e sc rib e d  fo r P op iliu s  d isjunctus (B ryan, 
1954). It is  a t once obvious, how ever, th a t th e re  seem s to be som e 
defin ite  change in the n u c le i of th is  reg ion , but th e re  is no evidence to 
ind icate  th a t w h atev er changes a re  o ccu rrin g  a re  b rought about by
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n o rm a l p y cn o sis . The ab sen ce  of pycnosis  is quite n o ticeab le  when the 
s itu a tio n  in  O ncopeltus fa sc ia tu s  is taken into accoun t (Bonhag, 1955).
In th is  o rg an ism  it was shown th a t nu m ero u s DNA d ro p le ts  a re  found in 
the p o s te r io r  p a r t  of the g e rm a riu m  and th is  condition  is  a consequence 
of n o rm a l d eg enera tion . The sam e condition h as been  re p o r te d  in 
A canthocephala  b ic lo rip e s  (S chrader and L e u c h te n b e rg e r , 1952).
At the b ase  of the g e rm a riu m  of T rib o liu m  a re  found num erous n u tr i ­
tive  co rd s  containing an  ex trem e ly  high co n cen tra tio n  of RNA (Fig. 2). 
T hese  co rd s  extend f ro m  the n u rse  c e lls  to the oocytes and a r e  the m ean s 
by w hich the developing oocy tes obtain n u tr itiv e  m a te r ia l.  T rea tm en t 
of s lid es  w ith  RNAse and subsequent s ta in ing  w ith  to lu id ine  blue does not 
re v e a l any of th ese  p la sm a tic  s tra n d s . None of the t is s u e s  s ta in ed  by the 
Feu lgen  m ethod  showed any d isce rn ib le  DNA in the n u tritiv e  c o rd s .
P e r io d ic -a c id  Schiff p o s itiv e  m a te r ia l  w as found in a ll a r e a s  of the 
g e rm a riu m . In the tro p h o cy tes  a n o n -u n ifo rm  re a c tio n  w as ob tained  in 
the cy top lasm ; the n u c le i w ere  e n tire ly  negative  (F ig. 3). It was 
rep e a te d ly  o b se rv ed  th a t the cy top lasm  of the n u rse  c e lls  n e a re s t  the 
c e n te r  of the g e rm a riu m  w as m uch m o re  re a c tiv e  than  o ther a re a s  of the 
c e ll, and the ce lls  on the p e r ip h e ry  of the g e rm a riu m  gave a m o re  
in ten se  re a c tio n  than  tro p h o cy tes  n e a re r  the c e n te r  of the g e rm a riu m  
(Fig. 3). This uneven d is tr ib u tio n  of PAS m a te r ia l  is p o ss ib ly  due to the 
type of fixa tion  u sed  and p ro b ab ly  r e p re s e n ts  a d iffusion  a r te fa c t. When
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sec tio n s  w ere  te s te d  w ith le a d  te tra a c e ta te  acco rd ing  to Glegg e t a l.
(1952) th e se  sam e s ite s  y ie ld ed  a p o s itiv e  re ac tio n . P r e tr e a tm e n t  of such 
sec tio n s  w ith m a lt d ia s ta se  ind ica tes  th a t th e se  re a c tiv e  a re a s  a re  due to 
g lycogen. The ep ith e lia l shea ths su rround ing  the g e rm a riu m  a lso  gave a 
p o s itiv e  re a c tio n  when te s te d  by the PAS technique, but when te s te d  fo r 
g lycogen no re a c tio n  w as e lic ited . The r e v e rs e  ace ty la tio n  technique 
of M cM anus and C ason (1950) w as p e rfo rm e d  to check the v a lid ity  of the 
PAS lo c a liz a tio n s . R esu lts  ind icate  th a t the re a c tiv e  s ite s  m a rk  the 
p re se n c e  of com pounds w ith  1, 2 g lycol g roups.
An a tte m p t w as m ade to  identify  m u co p o ly sacch arid es , no tably  
h yalu ron ic  ac id , by the use  of h y a lu ro n id ase . P re tr e a tm e n t  of s lid es  
w ith a  so lu tion  of th is  enzym e fa ile d  to a l te r  the PAS re a c tio n .
In sec tio n s  s ta in ed  w ith the m e rc u r ic  ch lo rid e -b ro m p h en o l blue 
techn ique a  re la tiv e ly  u n ifo rm  re a c tio n  w as obtained. T his s ta in  is  not 
sp ec ific  fo r  any one type of p ro te in . T h e re  can  be noted, how ever, 
s lig h t v a r ia tio n s  in the sta in ing  in ten sity  w ithin the c e lls  th em se lv e s , 
ind icating  a h ig h er co n cen tra tio n  of to ta l p ro te in  in one p a r t  of the ce ll 
than  in an o th er. In the tro p h o cy tes  a ll p a r ts  of the c e ll s ta in ed  bu t, w ith 
c a re fu l illum ination , it w as noted th a t the nucleo li w ere  m o re  in ten se ly  
s ta in ed  than the su rround ing  nucleop lasm ; a lso , a v e ry  n a rro w  b o rd e r  
su rro u n d in g  the n u c le a r  m em brane  w as shown to sla in  som ew hat 
h e a v ie r . T h is could be in te rp re te d  to m ean  th a t th ese  a re a s  have a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
h ig h er co n cen tra tio n  of p ro te in  than  o th er a re a s .  T hese sam e a re a s  a lso  
gave a  d is tin c tly  m o re  in tense  reac tio n  when te s te d  fo r RNA (Fig. 1).
A lkaline phosphatase  w as not d em o n stra ted  in the g e rm a riu m  o r in 
the v ite lla riu m . In view of the w ork by M ulnard  (1950, 1954) on 
A canthocephala and Yao on D rosoph ila  (1950) th is  re s u l t  is  not too s u r ­
p r is in g . N eith er of th ese  au thors w as ab le to d em o n stra te  a lkaline  
ph osphatase  although Yao did find a v e ry  high concen tra tion  of ac id  
ph osphatase .
The p re fo llic u la r  t is su e  lie s  ju s t  a n te r io r  to the v ite lla r iu m  and is  
c h a ra c te r iz e d  by the p re se n c e  of oocytes and the fac t th a t ce ll boundaries  
in  th is  reg ion  a re  r a th e r  ind istinct. The p re fo llic u la r  tis su e  g rad u ally  
b eco m es o rien te d  around  the developing oocytes th e reb y  fo rm ing  the 
defin itive  fo llic u la r  ep ithelium  (Schlottm an and Bonhag, 1956). N ucleic 
ac id  stud ies  of the p re fo llic u la r  t is su e  rev ea l th a t the ch ro m atin  m a te r ia l  
is  random ly  d is tr ib u te d  in the nucle i, and the cy top lasm  is  in tense ly  
baso p h ilic . N um erous sm all nuclei a re  p re se n t w hich a re  quite s im ila r  
to the in te rs t i t ia l  nucle i found in m o re  a n te r io r  reg ions of the g e rm ariu m .
S ca tte red  am ong the c e lls  com prising  the a n te r io r  p re fo llic u la r  
t is s u e  a re  to be found sm all ce lls  w ith a lm o st p e rfe c tly  sp h e rica l nucle i 
(Fig. 4). The ch ro m atin  of these  c e lls , in c o n tra s t w ith th a t of the 
tro p h o cy tes , a p p ea rs  to be m ore  d iffuse. T hese c e lls  a re  the oocytes.
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V ite lla riu m
As the oocytes develop they  becom e o rie n te d  one behind the o th e r. 
E ach  oocyte a c q u ire s  a  single la y e r  of ep ith e lia l c e lls  ca lled  the fo llic u la r  
ep ith e liu m  which is g e n e ra lly  co n s id e red  to be d eriv ed  f ro m  the a n te r io r  
p re fo llic u la r  t is su e  (Schlottm an and Bonhag, 1956).
The oocytes th em se lv es  p re s e n t a p ic tu re  s im ila r  to th a t given fo r 
o th e r in se c ts . Young oocytes p o s se s s  a s tro n g  basoph ilic  cy top lasm  
w hen sta in ed  w ith  to lu id ine b lue (Fig. 5). This b aso p h ilia  is com ple te ly  
rem o v ed  upon tre a tm e n t  w ith  e ith e r  RNAse o r p e rc h lo ric  acid . As the 
oocyte en la rg es  the b aso p h ilia  d im in ish es  in in ten sity ,b u t th is  d e c re a se  
in sta in ing  in ten sity  is  p robab ly  a d ilu tion  effect f ro m  the accum ulation  
of yolk m a te r ia l  w hich is  being g rad u a lly  la id  down. In  sec tio n s  s ta in ed  
w ith  F eu lg en 1 s the c h ro m a tin  m a te r ia l  in a ll  oocytes is  seen  to be in the 
fo rm  of lohg, fine  f ila m e n ts  (F ig. 6). Upon c lo se r  exam ination  the 
ch ro m o m e re s  becom e evident. N ucleop lasm  su rround ing  the ch ro m o ­
som es con tains sm a ll g ran u les  of F eu lgen-positive  m a te r ia l. V ariab le  
n u m b ers  of nucleo li a r e  p re s e n t in the oocyte nucleus, the la rg e s t  
num ber found in  any one nucleus being five (Fig. 5). E ach  group of 
n u c leo li ap p ea rs  to be su rro u n d ed  by a d is tin c t "m em b ran e" . T hese 
n u c leo li a re  ab sen t a f te r  tre a tm e n t w ith  RNAse; they a re  not F eu lgen- 
p o s itiv e .
As the oocyte e n la rg es  the  nucleus a lso  in c re a se s  in s ize  and
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even tually  b eco m es w hat is  te rm e d  the g e rm in a l v e s ic le . In T rib o liu m  
the ch ro m o so m es re m a in  d is tin c tly  f ilam en to u s th roughou t the su c c e ss iv e  
s tag es  of oocyte grow th. N ucleoli a r e  a lso  p ro m in e n t s tru c tu re s  in the 
g e rm in a l v e s ic le  and have been  o b se rv ed  in a ll  fo llic le s  excep t the 
la rg e s t .  The ch ro m o so m es and nucleo li occupy a d efin ite ly  c irc u m ­
sc rib e d  a r e a  in the g e rm in a l v e s ic le . S urround ing  both  nucleo li and 
ch ro m o so m es is a lim itin g  "m em b ran e"  (F igs. 5, 7, and 8). This 
"m e m b ra n e "  can  be seen  in  to lu id ine b lue se c tio n s , a s  w ell as  in h aem a- 
toxylin  s ta in ed  sec tio n s , bu t is ab sen t in F eu lgen  p re p a ra tio n s . Som e of 
the la r g e r  g ran u les  seen  in the g e rm in a l v e s ic le  m ay  be the "e m iss io n  
bo d ies"  spoken of by M ulnard  (1954), bu t i t  is fe l t  th a t the la rg e s t  a re  
nu c leo li. The e n tire  a r e a  en c lo sed  by the "m em b ran e"  in  the g e rm in a l 
v e s ic le  is p ro b ab ly  hom ologous to the ca ry o n u c leo lu s  of M ulnard  (1954) 
and the k a ry o sp h e re  of S ch lo ttm an  and Bonhag (1956).
In the la r g e s t  oocyte the g e rm in a l v e s ic le  lo se s  m o st of the above 
c h a ra c te r is t ic s  and p ro c e ed s  to  b re a k  down. The fa te  of the k a ry o ­
sp h e re  w as not in v estig a ted .
Surrounding  each  oocyte is the fo llic u la r  ep ithelium . The o rig in  of 
th is  t is s u e  and a d e ta iled  d e sc rip tio n  of it  a r e  p re se n te d  in Schlottm an 
and B onhag 's p a p e r  (1956). In T rib o liu m  th is  t is s u e  gives a negative 
re a c tio n  when s ta in ed  fo r  ca rb o h y d ra te s  by m eans of the PAS technique. 
A fter tre a tm e n t w ith le a d  te tra a c e ta te  a negative  re a c tio n  is obtained.
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The ep ith e lia l sheaths su rround ing  the fo llic u la r  ep ith e liu m  a lso  gave 
negative re a c tio n s  when te s te d  fo r glycogen bu t w ere  in ten se ly  s ta in ed  
by the PAS technique (Fig. 9).
In v e ry  young oocytes only a  s lig h t PAS re a c tio n  w as noted. H ow ever, 
as the oocyte e n la rg e s , m o re  and m o re  of the oocyte b eco m es re a c tiv e .
At f i r s t  P A S -positive  g ran u le s  a re  d ep o sited  ad jacen t to the fo llic u la r  ep i­
the lium . This is exactly  the sam e p ro c e s s  o b se rv ed  in the m ilkw eed  bug 
by Bonhag (1955). A s oocyte developm ent p ro g re s s e s  th e re  is  an in c re a se  
in both s ize  and num ber of P A S -positive  d eu to p lasm ic  p a r t ic le s  (F igs. 9, 
1 0 , 1 1 ) .
When sta in ing  fo r p ro te in , the fo llic u la r  ep ithe lium  and ep ith e lia l 
sh ea th s  r e a c t  p o s itiv e ly  b ecau se  of the ubiquitous d is tr ib u tio n  of p ro te in s . 
In young oocytes the e n tire  cy to p lasm  y ie ld s a  u n ifo rm , in ten se  p ro te in
rea c tio n . This is undoubtedly due to the a s so c ia tio n  of a  high co n cen tra -
/
tion  of RNA and p ro te in  found in oocytes a t th is  s tag e . H ow ever, a f te r  the 
deposition  of yolk m a te r ia l  com m ences the d is tr ib u tio n  of p ro te in  is  seen  
to re se m b le  the p a tte rn  of the  P A S -positive  bodies (Fig. 12). In fa c t, 
the a r ra n g e m e n t of the p ro te in  and ca rb o h y d ra te  in c lu sio n s  found in the 
yolk a re  id en tica l, suggesting  th a t they  a re  g ly co -p ro te in . Both a r e  la id  
down in the sam e p ro g re s s iv e  m an n er.
G lycogen w as found d is tr ib u te d  th roughou t the yolk. When the lead  
te tra a c e ta te  m ethod fo r glycogen w as u sed , the la rg e  P A S -p o sitiv e  bodies
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(which a r e  a lso  p ro te in  positive) rem a in ed  unsta ined  but su rround ing  
each  of th e se  bodies w ere  v e ry  fine glycogen g ran u les  (F ig. 13). This is 
the sam e d is tr ib u tio n  of glycogen in the yolk th a t Bonhag o b se rv ed  in 
A n iso lab is  m a r itim a  (1956).
As w ith  the g e rm ariu m , the v ite lla r iu m  did not give a p o sitiv e  
re a c tio n  when te s te d  fo r  a lkaline pho sp h a tase  and m u co p o ly sacch arid es .
R esu lts  a f te r  60 Days on C ontrol D iet
When b ee tle s  w ere  fed  the co n tro l d ie t fo r 60 days, som e d iffe ren ces  
in the o v a rie s  w e re  noted. G ro ss ly , the o v a rie s  tended to be s ligh tly  
s m a lle r  than  those  in the 30 day co n tro ls , and the su rround ing  fa t bodies 
w ere  not as  ex tensive . N e v e rth e le ss , the o v a rie s  w ere  judged to be fu lly  
developed acco rd ing  to the c r i te r ia  e s ta b lish ed  by B rosegh in i (1956).
M icroscop ic  exam ination a lso  re v e a le d  som e changes. In ap p ro x i­
m ate ly  50 p e r  cen t of the o v arie s  exam ined the trophocy te  nucleo li w ere  
frag m en ted  (F ig. 14). A few of the o v a rie s  showed d eg en era tio n  of the 
fo llic u la r  ep ithelium . T here  w as no reduction  in F eulgen  s ta in ed  t is s u e s .  
D is tr ib u tio n  and developm ent of p ro te in s  and ca rb o h y d ra tes  w ere  n o rm a l 
both  in the g e rm a riu m  and v ite lla riu m .
Although the d ie t u sed  as  a con tro l in th is  study is c o n s id e red  ad e ­
quate io r  la rv a l  grow th and pupation (Bomc-ndc and B e rn a rd , 1951a, b) 
it a p p ea rs  th a t it is no t e n tire ly  s a tis fa c to ry  fo r  adu lts o v er an extended
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p e r io d  of tim e . Even so, o v a rian  developm ent, when view ed g ro ss ly , is 
no t a ffec ted  to any la rg e  d eg ree  even a f te r  60 days.
The question  now a r i s e s  w hether the c e llu la r  changes o b se rv ed  a f te r  
60 days a re  due to som e inadequacy of the d ie t o r  to som e n o n -d ie ta ry  
fa c to r . Two p o ss ib ili t ie s  in the la t te r  ca teg o ry  im m ed ia te ly  com e to 
m in d --ag in g , and the s tage  of sexual ac tiv ity  of the b e e tle s . The effect 
of age p o ssib ly  can  be d ism is se d  when one co n s id e rs  the fa c t th a t egg- 
lay ing  in T rib o liu m  m ay  continue fo r as  long as 14 m onths (Good, 1933). 
T hus, a  p e rio d  a s  sh o r t a s  60 days would not be expected  to p ro d u ce  any 
m ark e d  changes in the o v a rie s  o r th e ir  ab ility  to p roduce eggs. To 
sup p o rt th is  assu m p tio n , a  group of 100 v irg in  fem ale  b e e tle s  w ere  fed  
a stock  d ie t co n sis tin g  of ro lle d  o a ts , ground f ish m ea l and whole b re w e rs  
y e a s t. This diet' has d efin ite ly  p ro v en  to be adequate in a ll re sp e c ts  
(B rosegh in i, 1956). When the b e e tle s  had been  feeding  fo r  30 and 60 
d ays, the o v a rie s  w ere  d is se c te d  out, sec tioned  and exam ined h is to - 
chem ica lly . No c e llu la r  changes w ere  noted, even in b e e tle s  fed  such a 
d ie t fo r  60 days.
Since only v irg in  fem ales  w ere  u sed  fo r  the above te s t ,  an o th er 
ex p erim en t w as designed . In th is  ex p erim en t 100 newly em erg ed  fe m a le s  
w ere  p laced  on the con tro l d ie t w ith 100 new ly em erg ed  m a le s . They w ere  
allow ed to feed fo r  30 and 60 days a f te r  w hich the fem ales  w ere  d is se c te d  
and the  o v a rie s  sec tioned  and sta ined . A gain, it w as found th a t a f te r  30
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days no c e llu la r  changes w e re  ev iden t, bu t, a f te r  60 days, som e c e llu la r  
d eg en era tio n  had  o c c u rre d . T his c o n s is te d  of p y cn o sis , c e llu la r  sw elling 
and a  red u c tio n  in cy to p lasm ic  b aso p h ilia  (F ig. 15).
Thus, the e x p e rim en ta l ev idence in d ica tes  th a t the d ie t u sed  a s  a 
co n tro l in th is  study  can  only be co n s id e red  adequate  fo r  a  p e rio d  of 
ap p ro x im a te ly  30 days. F o r  lo n g e r p e rio d s  of tim e  the d ie t fa ils  to 
p re v e n t c e llu la r  changes w hich, although s lig h t, a re  a constan t fe a tu re  
of b e e tle s  fed  such a  d ie t. The re a so n  fo r  th is  is not c le a r .
R esu lts  w ith  E x tra c te d  Y eas t S ubstitu ted  
fo r  Whole Y east
As m en tioned  p rev io u s ly , whole y e a s t  con ta ins m o re  than  adequate 
am ounts of th o se  v itam in s  needed  by T rib o liu m . Nothing would be gained 
if whole y e a s t w e re  to be re ta in e d  in d ie ts  in tended to te s t  the effec t of a 
sp ec ific  v itam in  d efic ien cy . T h e re fo re , ho t w a te r  ex trac tio n  w as c a r r ie d  
out to rem o v e  the  known w a te r  so lub le  v itam in s  f ro m  the y eas t. The 
re su ltin g  w a te r  inso lub le  p o r tio n  of y e a s t w as u sed  in a ll v itam in - 
d efic ien t e x p e rim en ta l d ie ts  in p lace  of the w hole y ea s t. This was 
n e c e s s a ry  b ecau se  a  p re l im in a ry  ex p e rim en t showed th a t the com plete  
ab sen ce  of y e a s t  f ro m  the co n tro l d ie t re su lte d  in re ta rd e d  o v arian  
grow th.
H ow ever, in add ition  to reco g n ized  v itam in s , y e a s t is known to 
con tain  a t  l e a s t  two fa c to rs  n e c e s s a ry  fo r n o rm a l la rv a l  grow th and
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developm ent of TribolLum . One is  w a te r  so luble, and one w ate r inso luble 
(F ren ch , 1954). O bviously, t re a tm e n t  of whole y e a s t w ith  w a te r  w ill 
rem o v e  the so luble f ra c tio n s  p lu s  any o th er a s  y e t u n d e te rm in ed  w a te r 
so lub le  fa c to r  w hich m ay  be n e c e s s a ry  fo r  T r ib o liu m . A lso , if th e re  
a r e  any m o d e ra te ly  h ea t lab ile  fa c to rs  p re s e n t in y e a s t, th e se , too, m ight 
be a l te re d  in such  a w ay a s  to p re v e n t th e ir  av a ilab ility  to  T rib o liu m . 
T hus, the re su ltin g  re s id u e  of hot w a te r  e x tra c te d  y e a s t is of unknown 
com p o sitio n  and any re s u l ts  ob ta ined  w ith  d ie ts  containing th is  po rtion  
of y e a s t  m u st be in te rp re te d  w ith  c a re .
When w a te r  e x tra c te d  y e a s t  is su b stitu ted  fo r  w hole y e a s t in the 
co n tro l d ie t, g ro ss  o v a rian  developm ent is s lig h tly  in fe r io r , but 
co m p le te , n e v e r th e le s s , a f te r  30 d ays. M ic ro sco p ica lly , the tis su e s  
w e re , fo r  the m o st p a r t ,  n o rm a l. H ow ever, signs of py cn o sis  w ere  
a p p a re n t in the g e rm a riu m  and  s im p le  n e c ro s is  of the fo llic u la r  ep i­
th e liu m  w as no ted  a f te r  30 days (F ig. 16). N ucleoli w ere  found in the 
tro p h o cy te s  a f te r  60 days on th is  d ie t. The s ig n ifican ce  of th is  w ill be 
d isc u s se d  in a  la te r  sec tio n .
Why the su b stitu tio n  of e x tra c te d  y e a s t fo r  whole y e a s t  in the d iet 
of T rib o liu m  should r e s u l t  in in fe r io r  o v arian  developm ent a f te r  30 days 
re m a in s  an enigm a. One could, of co u rse , explain  it  on the b a s is  of the 
unknown fa c to rs  m en tioned  p re v io u s ly . H ow ever, the need  fo r th ese  
fa c to rs  by the la rv a l  fo rm  does not n e c e s s a r i ly  m ean  th a t the adults w ill
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also  re q u ire  the sam e fa c to rs . F u r th e rm o re , F ra e n k e l and P rin tn y  
(1954) have m anaged to r a is e  T rib o liu m  la rv a e  in the ab sen ce  of y e a s t 
a lto g e th e r. H ow ever, as  M agis (1954) has po in ted  out, the b e s t syn thetic  
d ie t (la rval) dev ised  so f a r  is  co n s id e rab ly  b e tte r  when whole y e a s t is 
added. I ts  effec t cannot be exp la ined  on the b a s is  of p re se n tly  known 
in g red ie n ts . Thus, the e n tire  ro le  y e a s t p lay s in la rv a l  T rib o liu m  n u tr i­
tion  is s t i l l  not w holly known, even a f te r  co n s id e rab le  investiga tion . Its  
function in adult T ribo lium  n u tr itio n  is  equally  o b scu re .
R esu lts  a f te r  30 D ays on a  T hiam in-D eficien t D iet
The m o st s tr ik in g  cy to log ical and cy tochem ical changes w ere  ob­
se rv e d  in t is s u e s  f ro m  T rib o liu m  m ain ta in ed  on a  th iam in -d efic ien t d iet. 
The e ffec t of a  v itam in  B j d efic ien cy  w as so pronounced  th a t the e x p e r i­
m en t could  not be c a r r ie d  beyond 30 days. Of the 200 b e e tle s  s ta r te d  on 
th is  d ie t, le s s  than  100 re m a in ed  a liv e  a t  the end of 30 days. Upon 
d issec tio n , the surv iv ing  b e e tle s  w ere  found to be in an em ac ia ted  condi­
tion. F a t bodies w ere  m uch red u ced  and in m any c a se s  w ere  v ir tu a lly  
n o n -ex is ten t. The fa t th a t w as p re s e n t w as b r i t t le ,  d ifficu lt to rem ove, 
and obviously  co n sid e rab ly  a l te re d  f ro m  the type found in b e e tle s  on a 
b e tte r  d ie t. The o v a rie s  w ere  e ith e r  undeveloped o r , a t b e s t, p a r t ia lly  
developed.
H isto log ically , the c e lls  of the g e rm a riu m  seem  to be m o st
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affected . P y cn o sis  w as a com m on finding (Fig. 17). M ost trophocy te  
nucle i s ta in ed  s ig n ifican tly  d a rk e r  w ith  to lu id ine b lue than  the su rround ing  
cy to p lasm  (F ig. 18). T re a tm e n t w ith  RNAse in d ica ted  th a t th is  m a te r ia l  
w as RNA. Sw elling of the n u rse  c e lls  and lo s s  of ce ll bou n d aries  w ere  
ob serv ed  in m o st in s tan ce s  (Fig. 17). The F eu lgen  rea c tio n  w as not 
affec ted  excep t in those  c e lls  w hich had begun to cy to lyze. N ucleoli w ere  
n e v e r  o b se rv ed  in any of the n u rse  c e lls  in th iam in -d efic ien t b e e tle s .
The v i te l la r iu m  a lso  showed ra th e r  w id e sp re a d  changes. The 
fo llic u la r  ep ithe lium  w as un ifo rm ly  affected . C ells  of th is  t is su e  w e re  
vacuolated; nu c le i w e re  pycnotic; and th e re  w as a  d im in ished  cyto­
p la sm ic  b aso p h ilia  (Fig. 20).
Yolk m a te r ia l  w as no t m a te r ia lly  a ffec ted  excep t in fo llic le s  showing 
d eg en era tiv e  changes in the ep ithelium . In th e se  in stan ces  the  fo llic le  
w as f illed  w ith  an am orphous m a te r ia l  (F ig. 16).
In lig h t of th e se  find ings, it is  in te re s tin g  to specu la te  as  to the 
re la tio n sh ip  betw een  the fo llic u la r  ep ith e liu m  and the p ro d u ctio n  of yolk 
m a te r ia l.  Bonhag (1955, 1956) h as p re se n te d  evidence th a t ca rb o h y d ra te s , 
lip id s  and p ro te in s  a re  co n trib u ted  to the oocytes by the fo llic u la r  ep i­
thelium . In T rib o liu m  the f i r s t  PAS p o sitiv e  g ran u les  a re  fo rm ed  ad jacen t 
to the fo llic u la r  ep ithelium . This su g g ests  th a t the fo llic u la r  ep ithelium  
m ay "have som e connection  w ith th e ir  fo rm atio n . Although th is  is only 
in d ire c t evidence, the fa c t th a t yolk p ro d u c tio n  ap p ea rs  to be affec ted
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w hen the fo llic u la r  ep ithe lium  becom es d eg en e ra tiv e  s tro n g ly  su g g ests  
th a t th e re  is  indeed  a re la tio n sh ip  betw een the two o b se rv a tio n s .
P ro b ab ly  the m o st notable change w as seen  in  som e of the young 
o o cy tes . In  the n o rm a l condition  the n u c leo p lasm  has l i t t le ,  if any, b a so ­
p h ilic  m a te r ia l ,  w hile the cy to p lasm  contains a  heavy co n cen tra tio n  of 
such  m a te r ia l  (F ig. 5). In th iam in -d efic ien t b e e tle s  an  occasio n a l oocyte 
show ed an ab sen ce  of b aso p h ilia  but a  v e ry  in ten se ly  s ta in ed  nucleus 
(F ig s . 19 and 20). S ince th e re  w as no way of d e te rm in in g  befo rehand  the 
oocy tes w hich would show th is  it w as im p o ssib le  to t e s t  the effect of 
RN A se on th is  b aso p h ilic  m a te r ia l.  T h e re fo re , it can only be assu m ed  
th a t the  b aso p h ilic  m a te r ia l  found in nu c le i of som e of the oocytes of 
th iam in -d e fic ien t b e e tle s  is RNA.
The re s u l ts  ob tained  w ith  a  th iam in  d efic ien cy  a r e  d ifficu lt to a s s e s s .  
F i r s t  of a ll, i t  m u s t be re m e m b e re d  th a t the d ie t contained  w a te r-e x tra c te d  
y e a s t. It w as no ted  p rev io u s ly  th a t su b stitu tio n  of e x trac te d  y e a s t fo r  
w hole y e a s t in  the co n tro l d ie t w ith  syn thetic  v itam in s  added, p roduced  
sw elling  of the n u rse  c e lls , py cn o sis , and d eg en era tio n  of the fo llic u la r  
ep ith e liu m . O bviously, any changes in o v a rian  t is s u e s  cau sed  by a 
th ia m in  defic iency  w ill be su p erim p o sed  on the t is s u e  a lte ra tio n s  in 
b e e tle s  kep t on a d ie t contain ing e x tra c te d  y e a s t. Thus, w hat is being 
d e a lt w ith  he r e  is  m o re  than  a s im p le  v itam in  defic iency . H ow ever, a 
c a re fu l eva luation  of the  r e s u l ts  m ay  shed  som e lig h t on those  changes
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cau sed  p r im a r i ly ,  o r  p o ss ib ly  en tire ly , by  a th iam in  deficiency .
D eg en era tio n  of the fo llic u la r  ep ithelium  and pycnosis  ce r ta in ly  
cannot be a ttr ib u te d  so le ly  to a th iam in  defic iency  inasm uch as  th ese  
cond itions w e re  p re s e n t  in  d ie ts  contain ing a ll the v itam in s and ex trac ted  
y e a s t .  W hereas th e se  changes w ere  encoun tered  in frequen tly  in the 
y e a s t  r e s id u e -a l l  v itam in  d ie t, they  w ere  a constan t fe a tu re  of the 
y e a s t  re s id u e - th ia m in -d e f ic ie n t d ie t. One m ight conclude fro m  th is  th a t 
th iam in  lack  p layed  a m a jo r , but not exclusive  ro le  in the developm ent 
of pycno tic  nu c le i and fo llic u la r  ep ith e liu m  degeneration .
The s itu a tio n  is equally  com plex  w ith re sp e c t  to the o th er ce llu la r  
d is tu rb a n c e s  encoun tered  when th iam in  is  om itted  f ro m  the d iet.
A bsence of n u c leo li in the n u rse  c e lls , fo r  exam ple, w as encountered  
in th iam in -d e f ic ie n t b e e tle s , but n u c leo li w ere  p re s e n t in an im als  fed  
d ie ts  con tain ing  e x tra c te d  y ea s t. N ucleoli w ere  a lso  ab sen t in the n u rse  
c e lls  in about half the  b e e tle s  fed  the con tro l d ie t (containing whole yeast) 
fo r  60 d ays. This la t te r  finding m o st c e r ta in ly  w as not caused  by a 
v itam in  lack . On the o th e r hand, ab sen ce  of nucleo li in the trophocy tes 
of b e e tle s  on a th ia m in -d e fic ien t d ie t would ap p ear to be a sso c ia te d  w ith 
a d efic ien cy  of th is  d ie ta ry  fa c to r .
The in c re a se d  b aso p h ilia  of nucle i in the n u rse  ce lls  and oocytes 
o b se rv e d  in  th ia m in -d e fic ie n t an im als  is a iso  d ifficu lt to explain. Fabinv 
(1957), w orking w ith em bryon ic  chick skin, found th a t when such tis su e
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is tre a te d  w ith  2 -th ien y la lan in e  ( jij-2-T ) the ep id e rm al c e lls  lo se  a con­
s id e ra b le  am ount o.f th e ir  cy to p lasm ic  RNA. H ow ever, th ese  c e lls  did 
r e ta in  a nucleo lus although i t  w as ab n o rm ally  la rg e  and s ta in ed  exceed­
ingly d a rk  w ith to lu id ine b lue. He o ffe rs  s e v e ra l explanations fo r  th is . 
The ft - 2 -T  m ay have a ffec ted  an  enzym e sy stem  a s so c ia te d  w ith  the 
re le a s e  of RNA by the nucleo lus. I t m ight a lso  have a ffec ted  the synthe­
s is  of p ep tides and p ro te in s . S ince such  sy n th es is  is thought to o ccu r in 
both the nucleo lus (Stich, 1956) and cy top lasm  (M azia and P re s c o tt ,
1955), the addition of ft - 2 -T  m igh t inh ib it the fo rm atio n  of such  com ­
pounds w ith  a  concom itan t in c re a s e  in  th e ir  p r e c u r s o r s ,  in th is  ca se , 
RNA. A th iam in  defic iency  m ight a lso  d is ru p t, e ith e r d ire c tly  o r  in­
d ire c tly , the n o rm a l nuc leo cy to p lasm ic  re la tio n  ex isting  in T rib o liu m . 
H ow ever, c u r re n t  know ledge of the  ac tiv ity  of th iam in  in in te rm ed ia te  
m e tab o lism  does not sup p o rt such  an  assum ption .
O b serv atio n s on the M id-G ut
The above conclusions re m a in  v a lid  only un til the ro le  of the m id -g u t 
is  co n s id e red . As m entioned  p rev io u s ly , the m id -g u t w as a lso  exam ined 
in an a ttem p t to a s c e r ta in  w h eth er the changes o b serv ed  in the ov ary  w ere  
due to  a spec ific  defic iency  o r w h eth er they  re su lte d  fro m  an inab ility  of 
the m id -g u t to function  p ro p e rly  in  its  ab so rp tiv e  p ro c e s s e s .
D etailed  stud ies  of the m id -g u t w ere  not co n sid e red  to be a p a r t  of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
th is  study. H ence, only th o se  o b se rv a tio n s  b ea rin g  on the p ro b le m  a t 
hand a r e  p re se n te d .
C ells  of the  m id -g u t of b e e tle s  fed  the co n tro l d ie t con tain ing  whole 
y e a s t fo r  e ith e r  30 o r  60 days a r e  in ten se ly  b asoph ilic  (F ig. 21). I t  w ill 
be no ticed  th a t the p ro x im a l end of the c e lls  s ta in  d is tin c tly  m o re  
in ten se ly  than  the d is ta l p o rtio n . This h e a v ie r  co n cen tra tio n  of RNA 
w ould ind ica te  th a t the p ro x im a l end of the ce lls  is the s ite  of the g re a te r  
p ro te in  co n cen tra tio n . A ll b aso p h ilia  is com ple te ly  ab o lish ed  by p r e ­
tre a tm e n t w ith  e ith e r  r ib o n u c lease  o r  p e rc h lo r ic  acid .
The F eu lgen  re a c tio n  re v e a le d  sm all, oval nucle i w ith ch ro m a tin  
g ran u les  s c a tte re d  in d isc r im in a te ly  w ith in  the n u cleop lasm . No defin ite  
conclusions could  be re a c h e d  by using  the PAS o r H g-B PB  tech n iq u es. 
G lycogen could  no t be d e m o n s tra te d  in  any of the m id -g u t c e lls .
When the b e e tle s  had been  fed  a  th iam in -d efic ien t d ie t fo r  30 days 
the m id -g u t c e lls  w ere  found to  have lo s t  th e ir  b aso p h ilic  p ro p e r t ie s  to a 
v e ry  la rg e  ex ten t (F ig. 22). The p ro x im a l p o rtio n  of the  c e lls  continued 
to  s ta in  m o re  in ten se ly  th an  the o th er p o rtio n s  of the ce ll. No ev idences 
of c e llu la r  d eg en era tio n  w ere  noted.
Since the b aso p h ilia  exh ib ited  by the gut ce lls  h as b een  shown to be 
due to  RNA, it  follow s th a t a  lo s s  of b aso p h ilia  would a lso  in d ica te  a lo ss  
of RNA. The s ign ificance  of th is  is no t e n tire ly  c le a r ,  but an  a ttem p t a t 
explanation  can  be m ade b ased  upon p re s e n t  concepts of th e  function  of
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RNA.
C a sp e rsso n  (1947, 1950) has shown th a t a re la tio n sh ip  ex is ts  be tw een  
RNA and p ro te in  sy n th es is . C o rre la te d  w ith a  high r a te  of ce ll ac tiv ity  
is  the  p re se n c e  of la rg e ,  consp icuous R N A -positive nucleo li. T h e re  is  
a  co n s id e ra b le  l i te r a tu r e  show ing the re la tio n s  am ong RNA content of 
c e l ls ,  nucleo li and p ro te in  sy n th es is  (B rach e t, 1947; C a sp e rsso n , 1947; 
D avidson, 1949; C rook, 1957). In a lm o s t a ll  t is s u e s  stud ied  to da te  th is  
re la tio n sh ip  h as b een  shown to e x is t. T rib o liu m  o v a rie s  f ro m  sp ec im en s 
on adequate  d ie ts  show th is  c o r re la t io n  quite c le a r ly .
If the re la tio n sh ip  betw een RNA and p ro te in  sy n th es is  is accep ted , 
then  the lo s s  of RNA in the  gut ep ith e liu m  could be taken  to m ean  th a t 
the ab ility  of the ep ith e lia l c e lls  to sy n th esize  p ro te in  would be c o r r e s ­
pondingly red u ced . The m id -g u t has long b een  a ss ig n ed  the ro le  of 
d ig estiv e  enzym e fo rm a tio n  (W igglesw orth , 1950; Day and W aterhouse, 
1953; W aterhouse, 1957). T hus, if the p ro d u ctio n  of p ro te in aceo u s  
d ig estiv e  enzym es w ere  to  be h in d e red  in any way, through a d e c re a se  
of RNA, fo r  exam ple, it could be rea so n a b ly  a ssu m ed  th a t the p ro c e s s  
of d ig estio n  would a lso  be im p a ired . If th is  w ere  the case  then  the am ount 
of d ig ested  food m a te r ia ls  av a ilab le  fo r  ab so rp tio n  fro m  the gut would 
e ith e r  be g re a tly  red u ced  o r n o n -ex is ten t, depending upon the am ount of 
d ig estio n  w hich had tak en  p lace . T h e re fo re , the le s io n s  p re v io u s ly  d e­
sc r ib e d  in the o v a r ie s  of T rib o liu m  m ay  w ell have been  cau sed  by an in­
ab ility  of the gut to function p ro p e r ly  due to a  lo s s  of its  syn th esiz in g
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ab ility , and only seco n d arily  to any influence of a  th iam in  deficiency on 
the o v a r ie s . It should be po in ted  out th a t food m a te r ia l  w as observed  in 
the  lu m en  of the m id -g u t of th iam in -defic ien t b e e tle s , although the am ount 
m ay  have been  quan tita tive ly  reduced . Thus, the effect cannot be a t t r i ­
bu ted  to  an inab ility  of the b e e tle s  to in g est food su b stan ces .
H ow ever, although the le s io n s  observ ed  in o v a rie s  of th iam in-defi­
c ien t b e e tle s  ap p ear to be the r e s u l t  of a  lo ss  of function of the m id -gu t, 
the  lo s s  of cy top lasm ic  b aso p h ilia  in the n u rse  c e lls  and oocytes m ay a lso  
be a ttr ib u te d  d ire c tly  to a th iam in  deficiency. Support fo r th is  a ssu m p ­
tio n  is  to be found in the w ork  of G uggenheim  and H alevy (1957) and H alevy 
and G uggenheim  (1958). They showed th a t l iv e r  RNA was un ifo rm ly  
d e c re a se d  in r a ts  su ffering  f ro m  a th iam in  defic iency . How ever, a s  w ill 
be po in ted  out la te r ,  the above assu m p tio n  is  open to se rio u s  question.
S ince the question  had been  r a is e d  th a t p ro p e r  d igestion  and su b se ­
quent a b so rp tio n  by the gut w ere  im p a ired  in th iam in -defic ien t sp ec i­
m en s , it w as deem ed adv isab le  to te s t  the effect of s ta rv a tio n  on both 
the  o v a r ie s  and gut. T h e re fo re , a  s e r ie s  of ex p erim en ts  w as dev ised  
w hereby  a group of 50 n ew ly -em erg ed  v irg in  fem a les  w as s ta rv e d  fo r  a 
p e r io d  of 10 days (P e te rse n , 1959).  ^ S ta rv a tio n  fo r m o re  than 10 days 
r e s u lte d  in b ee tle s  in such poor condition, w ith m ark ed ly  a troph ied
^ P e te rse n , H. N., A m es, Iowa. In fo rm ation  f ro m  experim en ts  on 
the m id -g u t of T ribo lium  confusum . P r iv a te  com m unication. 1959.
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v is c e ra ,  a s  to m ake d isse c tio n  im p ra c tic a l. A fte r 10 days of s ta rv a tio n  
b e e tle s  w ere  d is se c te d  and the o v a rie s  and guts w ere  p re p a re d  fo r  o b s e r ­
vation  a s  b e fo re . G ro ss ly , the o v a r ie s  ap p eared  to be in the sam e condi­
tion  as those  obtained fro m  b e e tle s  fed  a th ia m in -d e fic ien t d ie t fo r 30 
days. H isto log ica lly , the r e s u lts  w ere  no d iffe ren t f ro m  th o se  obtained 
f ro m  th iam in -d e fic ien t b e e tle s  (F ig . 23).
When the m id -g u t fro m  s ta rv e d  b e e tle s  w as s ta in ed  w ith to luidine 
b lue, it showed a no ticeab ly  lig h te r  sta in ing  reac tio n , although not as 
lig h t as  in the th iam in -d e fic ien t b e e tle s  (Fig. 24).
A study by L a g e rs te d t (1949) m ight a lso  be m entioned  a t  th is  point. 
W orking w ith  r a ts ,  he s ta te s  th a t "In  s ta rv in g  an im als  . . . the n u c leo la r 
ap p a ra tu s  could be shown to d im in ish  rap id ly  . . . , and a f te r  th is  the 
basoph il cy to p lasm al inclusions (BC1) d isa p p e a r  fro m  the c y to p la sm ."
T hese re s u lts  would seem  to len d  su p p o rt to the" idea th a t s ta rv a tio n , 
b rough t about by the effect of a  th iam in  defic iency  on the m id -g u t ep i­
thelium , p lay s  a  leading  ro le  in the developm ent of the le s io n s  observ ed  
h is to lo g ica lly  in the o v a rie s .
R esu lts  w ith D iets D efic ien t in R iboflavin, N icotin ic 
A cid, C alcium  P an to th en ate  o r P y ridox ine
The re s u lts  obtained  w ith d ie ts  d efic ien t in ribo flav in , n iac in , ca lc ium  
pan to thenate  o r pyridox ine  a re  so s im ila r  th a t they  can  be d isc u sse d  co l­
lec tiv e ly .
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T issu es  f ro m  b e e tle s  fed  fo r  30 days on a  d ie t d e fic ien t in any one 
of the above v itam in s  ap p e a red  to  be n o rm a l, both g ro ss ly  and m ic ro ­
scop ica lly . O ccasional a re a s  of c e llu la r  d eg en era tio n  w ere  o b se rv e d  in 
the g e rm a riu m  but they  w e re  no t w id esp read  enough to suggest a v itam in  
defic iency  as  a  cau sa tiv e  fa c to r . Such a r e a s  of d eg en era tio n  a r e  ob­
se rv e d  in t is s u e s  f ro m  b e e tle s  on w hat is co n s id e re d  to  be an  adequate  
d ie t. A fte r 60 days on d ie ts  d e fic ien t in any of the  above v itam in s  the 
incidence of c e llu la r  d eg en era tio n  in the g e rm a riu m  and v ite lla r iu m  w as 
in c re a se d . H ow ever, h e re  again , such  changes w ere  seen  in 60 day 
co n tro l b e e tle s . N ucleoli w ere , in a  g re a t  m any in s tan ce s , ab sen t in 
the tro p h o cy te s . No changes w ere  no ted  in the d is tr ib u tio n  of r ib o ­
n u c le ic  acid . N e ith e r w ere  th e re  any a lte ra tio n s  in the d is tr ib u tio n  of 
glycogen, p o ly sac c h a rid e s  o r  p ro te in .
To a s c r ib e  the  le s io n s  o b se rv e d  to  a  defic iency  of any of th e  above 
m entioned  v itam in s  is  im p o ss ib le . The c e llu la r  changes found w e re  no 
d iffe ren t f ro m  those  d e sc r ib e d  in  T rib o liu m  fed  the co n tro l d ie t fo r  60 
days. Thus, it would ap p ea r th a t the ab sen ce  of a  v itam in  o th e r than  
th iam in  f ro m  an o th e rw ise  com ple te  d ie t has no v is ib le  cy tochem ica l 
effec t on the t is s u e s  stud ied , beyond the changes no ted  in norm al t is s u e s .
In  c o n tra s t  w ith  a  th iam in  defic iency , rem o v a l of any of the above 
v itam in s  did n e t affec t the m id -g u t, e ith e r  h is  to ch em ica lly  o r h is to lo g ica lly .
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SUMMARY AND CONCLUSIONS
1. A s e r ie s  of ex p e rim en ts  w as p e rfo rm e d  in an a tte m p t to d e te r ­
m ine w hat cy tochem ical and cy to log ica l changes o c c u r re d  in the o v a r ie s  
of adu lt T rib o liu m  confusum  Duval fed  v a rio u s  v itam in -d e fic ien t d ie ts . 
O ver 2, 000 b e e tle s  w ere  d is s e c te d  and p re p a re d  fo r  h is to lo g ic a l study.
2. Newly em erg ed  v irg in  fem a le s  of T rib o liu m  confusum  w ere  fed  
a co n tro l d ie t con sis tin g  of 20. 7 p e rc e n t am ino ac id  m ix tu re  (D L -alpha 
a lan in e , L -a rg in in e  HC1, D L -a sp a r tic  ac id , L -c y s tin e , L -g lu tam ic  
acid , g lycine, L -h is tid in e  HC1, D L -m eth ion ine , D L -peheny la lan ine , 
L -p ro lin e , D L -se r in e , D L -th reo n in e , L -try p to p h an e , L - ty ro s in e , D L- 
v a lin e), 2 .0  p e r  cen t s a lts  (No. 2, U. S. P . XIII), 1 .5  p e r  cen t w heat 
g e rm  oil, 1. 0 p e r  cen t c h o le s te ro l, 5. 0 p e r  cen t w hole b re w e rs  y e a s t,
69. 3 p e r  cen t d ex trin  and a m ix tu re  of nine v itam in s  (th iam in , rib o flav in , 
p y r i doxine, n ico tin ic  ac id , ca lc iu m  pan to thenate , cho line, b io tin , fo lic  
ac id , ca rn itin e ).
3. A fte r 30 days on 3uch a d ie t,g ro s s  o v arian  developm ent is both 
n o rm a l and com plete a s  judged  by the ap p earan ce  of m a tu re  fo llic le s . 
A fter 60 days on th is  d ie t g ro ss  o v a rian  developm ent is  som ew hat 
in fe r io r  in th a t the o v a r ie s  a re  slig h tly  sm a lle r  and the su rro u n d in g  fa t 
bod ies of the in sec ts  a r e  not as ex tensive; even so , fo llic u la r  m a tu ra tio n  
seem ed  unaffected .
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4. O varies  w ere  exam ined h is to ch em ica lly  fo r  DNA, RNA, po ly­
s a c c h a rid e s , glycogen, p ro te in , and a lka line  phosp h a tase . C om parisons 
of the p re se n c e  and d is tr ib u tio n  of th e se  c e llu la r  com ponents w ith those 
re p o r te d  fo r  o ther in sec ts  a r e  m ade. In g en era l, T rib o liu m  o v a rie s  
a r e  id en tica l, o r  v e ry  s im ila r ,  to  the o v a rie s  of o th e r in sec ts  stud ied
in a lik e  m an n er. A p a r tic u la r  s im ila r i ty  was found betw een T rib o liu m  
and T enebrio  m o lito r  L.
5. When o v aries  of T rib o liu m  fed the con tro l d ie t fo r  60 days w ere  
exam ined  h is to ch em ica lly , trophocy te  nucleo li w ere  frag m en ted , n u rse  
c e ll nucle i w ere  pycnotic and the fo llic u la r  ep ithelium  showed evidence of 
s im p le  n e c ro s is .
6. It w as concluded th a t the d ie t u sed  as a  co n tro l is  not e n tire ly  
adequate  fo r m o re  than  ap p ro x im ate ly  30 days.
7. I t  was found n e c e s s a ry  to su b stitu te  hot w a te r-e x tra c te d  y e a s t fo r  
w hole y e a s t  in the con tro l d ie t in o rd e r  to a s s e s s  the effect of a defic iency  
of a w a te r-so lu b le , y e a s t-c o n ta in ed  v itam in . When such a  su b stitu tio n  is 
m ade, g ro ss  ovarian  developm ent is slig h tly  in fe r io r , but com plete , 
n e v e r th e le s s . M icroscop ica lly , the o v a rie s  exhibit signs of pycnosis  in 
the  g e rm a riu m  and degenera tion  of the fo llic u la r  ep ithelium .
8. When b ee tle s  a re  fed  a d ie t defic ien t in th iam in , le s s  than 50 
p e rc e n t of such b ee tle s  su rv ive  fo r  30 days. G ro ss ly , the o v a rie s  a re
in an undeveloped s ta te , and fa t bodies a re  e ith e r m uch red u ced  or ab sen t
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e n tire ly .
9. T rophocyte n u c le i of th iam in  d efic ien t b e e tle s  w ere  found to be 
packed  w ith  RNA. N ucleoli w ere  n ev e r  o b se rv ed  in th e se  c e lls . It w as 
sug g ested  th a t the  ab sen ce  of th iam in  m igh t be d isru p tin g  the n o rm a l 
n u c leo cy to p lasm ic  re la tio n  ex istin g  in T ribo lium .
10. The ce lls  of the fo llic u la r  ep ithe lium  of th iam in  d efic ien t b ee tle s  
w ere  found to be vacuolated  to a la rg e  ex tent. In such in s tan ces  the yolk 
m a te r ia l  lack ed  any defin ite  fo rm . E vidence w as p re se n te d  suggesting  
th a t the fo llic u la r  ep ithelium  p lay s  a ro le  in the  p roduction  of yolk 
m a te r ia l.
11. Som e oocytes of th iam in  d efic ien t b e e tle s  showed a r e v e rs a l  in 
the d is tr ib u tio n  of b asoph ilic  m a te r ia l .  N uclei of such  oocytes w ere  found 
to be in ten se ly  b aso p h ilic , w hile the cy to p lasm  exhib ited  no such  b a so ­
p h ilia . This is d ire c tly  opposite  to the d is tr ib u tio n  found in n o rm a l 
oocy tes. T his b aso p h ilic  m a te r ia l  was. a ssu m e d  to  be RNA.
12. The m id -g u t of T rib o liu m  w as exam ined in both n o rm a l and 
th iam in  d efic ien t an im als . In b e e tle s  fed  a com plete  d ie t the gut ep i­
th e liu m  w as found to be in ten se ly  b aso p h ilic . This b aso p h ilia  w as dem on­
s tra te d  to be RNA.
13. In  th iam in  d efic ien t b e e tle s  the m id -g u t ep ithelium  w as found to 
have lo s t  m uch of its  baso p h ilia . It w as suggested  th a t the lo s s  of RNA 
of the  m id -g u t c e lls  re su lte d  in a  d e c re a se  in th e ir  p roduction  of
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p ro te in a ceo u s  en zy m es. This in tu rn  im p a ire d  the  p ro c e s s  of d igestion . 
W ith im p a ired  d ig estio n  the am ount of d ig ested  food m a te r ia ls  av a ilab le  
fo r  ab so rp tio n  w ould be  g re a tly  red u ced .
14. It w as fu r th e r  su g g ested  th a t the  le s io n s  o b se rv e d  in  the 
o v a rie s  of th iam in -d efic ien t b e e tle s  w ere  due p r im a r i ly  to a d e c re a se
in am ounts of c irc u la tin g  en d -p ro d u c ts  re su ltin g  f ro m  red u ced  enzym atic  
ac tiv ity  in the m id -g u t. C onsequently , o v a ria n  ce lls  would no t be ab le  
to sy n th esize  th e ir  n o rm a l p ro d u c ts .
15. An ab sen ce  of rib o flav in , n ico tin ic  ac id , c a lc iu m  pan to thenate  
o r  py ridox ine  in the d ie t p ro d u ced  no changes in e ith e r  the m id -g u t o r 
ov ary  of T rib o liu m  th a t could  be a ttr ib u te d  to such a defic iency .
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P la te  I
F ig . 1.
F ig . 2. 
F ig . 3,
F ig . 4, 
F ig . 5
F ig . 6 
F ig s .
T rophocy tes  f ro m  g e rm a riu m  of T rib o liu m  confusum  fed 
co n tro l d ie t, containing whole b re w e rs  y e a s t, fo r  30 days.
Note the in ten se  cy to p lasm ic  b aso p h ilia , e sp ec ia lly  ad jacen t 
to the n u c le a r  m em b ran e . The d a rk ly  sta ined  bodies w ithin 
the n u c le i a r e  nucleo li. S e r r a ’s, 5 /* , to lu id ine b lue, X 885.
L ongitudinal sec tio n  n e a r  base  of the g e rm a riu m  of con tro l 
in se c t showing the n u tritiv e  co rd  (nc). S e r r a 's ,  to luidine blue,
5 A  X 885.
T rophocy tes  of g e rm a riu m  fro m  co n tro l in sec t showing d i s t r i ­
bu tion  of PA S-positive m a te r ia l.  Note th a t the nuclei a re  com ­
p le te ly  negative  and the ra th e r  uneven d is tr ib u tio n  of m a te r ia l  
in the cy top lasm . S e r r a ’s, 5 / ^ ,  p e rio d ic  ac id -S ch iff technique, 
X 485.
Longitudinal sec tio n  n e a r  b ase  of g e rm a riu m  of a con tro l in sec t 
showing developing oocytes (a rro w s). S e r r a 's ,  F eulgen  te ch ­
n ique, 5 / ^ ,  X 190.
Young oocyte of b ee tle  fed  co n tro l d ie t fo r  30 days. Note the 
in ten se  b aso p h ilia  of the ooplasm  and the re la tiv e ly  unsta ined  
n u c leu s . W ithin the nucleus a r e  a  num ber of nucleo li su rro u n d ed  
by a  "m em b ran e " . This la t te r  s tru c tu re  is  thought to be 
hom ologous to  the caryonucleo lus of M ulnard  (1954) and the 
k a ry o sp h e re  of Sch lo ttm an  and Bonhag (1956). S e r r a 's ,  5 / ^ ,  
to lu id ine blue, X 885.
O ocyte of co n tro l b ee tle  showing filam entous condition of the 
ch ro m o so m es. S e r r a 's ,  F eu lgen  technique, 5 / ^ ,  X 885.
and 8. Young oocytes showing g e rm in a l v e s ic le  w ith nucleoli 
and su rround ing  "m em b ran e ."  S e r r a 's ,  5 / ^ ,  iro n  haem a- 
toxylin , o il im m ers io n , X 995.
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P la te  II
F ig . 9. S ection  of developing oocyte f ro m  a n o rm a l in se c t showing
e a r ly  fo rm a tio n  of PAS m a te r ia l.  Note the re la tio n sh ip  of the 
fo llic u la r  ep ithe lium  (fe) to the s ta in ed  m a te r ia l  and the negative  
re a c tio n  of the n u c leu s . Note a lso  th a t the fo ll ic u la r  ep i­
th e liu m  is  p ra c tic a lly  n egative  but the ep ith e lia l shea ths (es) 
a r e  s tro n g ly  p o s itiv e  fo r  PAS m a te r ia l .  The shape of the oocyte 
is an a r te fa c t  due to s tre tc h in g  during  d isse c tio n . S e r r a 's ,
5 / /  , p e rio d ic  ac id -S ch iff techn ique, X 430.
F ig . 10. S ag itta l sec tio n  of oocyte showing p ro g re s s iv e  developm ent of 
PA S-positive m a te r ia l  n e a r  the fo llic u la r  ep ithe lium . S e r r a 's ,
5 /< . p e rio d ic  ac id -S ch iff techn ique, X 430.
F ig . 11. Sam e sec tio n  as  F ig . 10 but a t a  lo w er m ag n ifica tio n . N otice 
the  d is tr ib u tio n  of PAS p o s itiv e  m a te r ia l  in the  fu lly  fo rm ed  
oocyte. Note a lso  th a t the u p p er, youngest oocyte is  a lm o st 
e n tire ly  lack ing  in  PAS p o s itiv e  m a te r ia l.  S e r r a 's ,  5/*, 
p e rio d ic  ac id -S ch iff techn ique , X 190.
F ig . 12. M ature  oocyte of co n tro l b ee tle  showing d is tr ib u tio n  of p ro te in . 
PAS m a te r ia l  is d is tr ib u te d  in  a s im ila r  m an n e r  suggesting  
th a t the m a te r ia l  is  ac tu a lly  a  g lycopro te in ; co m p are  w ith 
F ig . 11. S e r r a 's ,  S / 1., m e rc u t ic  ch lo rid e -b ro m p h en o l b lue 
techn ique, X 485.
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P la te  III
F ig . 13. M ature  fo llic le  fro m  con tro l b ee tle  showing d is tr ib u tio n  of 
glycogen. C lear a re a s  r e p re s e n t the g lycopro te in  yolk 
bodies; com pare  w ith F ig . 11, showing PAS rea c tio n  and 
F ig . 12 showing p ro te in  d is trib u tio n . S e r r a 's ,  5 /*  , le ad  
te tra a c e ta te  technique, X 485.
F ig . 14. Section of g e rm a riu m  fro m  b ee tle  fed con tro l d ie t fo r 60 
days. Note the lack  of nucleo li in the tro p h o cy te s . The 
d a rk  bodies in the n u c le i a re  ch ro m atin  g ran u les . S e r r a 's ,
5 , to lu idine b lue, X 485.
F ig . 15. Section  of g e rm ariu m  fro m  m ated  fem ale  fed  co n tro l d ie t fo r 
60 days. The trophocy tes  a re  sw ollen, nuclei a r e  pycnotic 
(arrow ) and th e re  is  a  reduction  in cy top lasm ic  b asoph ilia . 
S e r r a 's ,  5 /< , to lu id ine blue, X 485.
F ig . 16. C ro ss  sec tion  of oocyte fro m  a b ee tle  fed  a th iam in -d efic ien t 
d ie t fo r  30 days. The fo llicu la r  ep ithelium  is n e c ro tic  and 
the yolk m a te r ia l lack s  defin ite  fo rm . This sam e condition 
w as o b serv ed  occasio n ally  in b e e tle s  fed  a  d ie t in w hich whole 
y e a s t w as rep laced  by hot w a te r-e x tra c te d  y e a s t. S e r r a 's ,
5 /* , to lu idine blue, X 485.
F ig . 17. G e rm a riu m  fro m  a b ee tle  fed  a th iam in  defic ien t d ie t fo r  30 
days. Note the w id esp read  c e llu la r  degenera tion . This 
sec tio n  w as chosen b ecau se  it d em o n stra te s  the ex trem e  con­
d ition  found in th iam in -defic ien t b ee tle s . S e r r a 's ,  5 / * ,  
to lu id ine blue, X 720.
F ig . 18. Section  of g e rm ariu m  fro m  a b ee tle  fed a th iam in -defic ien t
d ie t fo r  30 days. N uclei of the trophocy tes s ta in  s ign ifican tly  
d a rk e r  than n o rm a l w ith a co rresp o n d in g  d e c re a se  in cyto­
p la sm ic  basoph ilia . T rea tm en t w ith RNAse ind icated  the 
n u c le a r  m a te r ia l  to be RNA. S e r r a 's ,  5 / ^ ,  to lu id ine blue,
X 485.
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P la te  IV
F ig s . 19
F ig . 21.
F ig . 22.
F ig . 23. 
F ig . 24.
20. O ocytes of b e e tle s  fed  a th iam in -d efic ien t d ie t fo r  30 
days. The n ucleus is  s tro n g ly  b aso p h ilic  and the oop lasm  
is  not. T h is is  the r e v e r s e  of w hat is  o b se rv e d  in b e e tle s  
fed  a com plete  d ie t fo r  the sam e p e r io d  of tim e  (see F ig.
5). S e r r a 's ,  5 ,  to lu id ine  b lue, X 190.
S ection  of m id -g u t ep ith e liu m  f ro m  b ee tle  fed  the co n tro l 
d ie t fo r  30 d ays. The c e lls  a r e  s tro n g ly  b aso p h ilic . Note 
th a t the p ro x im a l p o rtio n  of the ce ll s ta in s  m o re  in ten se ly  
than  the d is ta l p o rtio n . S e r r a 's ,  5 / ^ ,  to lu id ine b lue,
X 885.
Section  of m id -g u t f ro m  a b e e tle  fed  a  th iam in -d efic ien t 
d ie t fo r  30 d ays. N ote the lack  of b aso p h ilic  m a te r ia l  
w ith in  the c e lls . The p ro x im a l p o rtio n  of the c e lls  continues 
to s ta in  d a rk e r  than  the d is ta l p o rtio n . S e r r a 's ,  5 y ^ ,  
to lu id ine  b lue , X 885 .
S ection  of g e rm a riu m  f ro m  b e e tle  s ta rv e d  fo r  10 days. 
S e r r a 's ,  5 / ^ .  to lu id ine  b lue, X 485.
S ection  of m id -g u t ep ith e liu m  fro m  b e e tle  s ta rv e d  fo r  10 
days; co m p are  w ith F ig . 21. S e r r a 's ,  5 / ^ ,  to lu id ine  blue,
X 485.
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